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SIX DEGREE OF FREEDOMALIGNMENT 
DISPLAY FOR MEDICAL PROCEDURES 

FIELD OF THE INVENTION 

The present invention generally relates to displays for use 
in medical procedures, and more specifically, to a six degree 
of freedom alignment display that includes indicia of the six 
degrees of freedom to assist in performing medical proce 
dures. 

BACKGROUND OF THE INVENTION 

Image guided medical and Surgical procedures utilize 
patient images obtained prior to or during a medical proce 
dure to guide a physician performing the procedure. Recent 
advances in imaging technology, especially in imaging tech 
nologies that produce highly-detailed, computer-generated 
two-dimensional and three-dimensional images, such as 
computed tomography (CT), magnetic resonance imaging 
(MRI), isocentric C-arm fluoroscopic imaging or two and 
three-dimensional fluoroscopes or ultrasounds have 
increased the interest in image guided medical procedures. 

During these image guided medical procedures, the area of 
interest of the patient that has been imaged is displayed on a 
two-dimensional display. Surgical instruments that are used 
during this medical procedure are tracked and Superimposed 
onto this two-dimensional display to show the location of the 
surgical instrument relative to the area of interest in the body. 
However, these two-dimensional displays are not capable of 
providing either five or six degrees of freedom information of 
the instrument or other devices navigated in the body, which 
may be information in certain medical procedures. 

Other types of navigation systems operate as an image-less 
system, where an image of the body is not captured by an 
imaging device prior to the medical procedure. With this type 
of procedure, the system may use a probe to contact certain 
landmarks in the body, Such as landmarks on bone, where the 
system generates either a two-dimensional or three-dimen 
sional model of the area of interest based upon these contacts. 
This way, when the Surgical instrument or other object is 
tracked relative to this area, they can be Superimposed on this 
model. Here again, however, the display that illustrates the 
tracked medical instrument in relation to this model is not 
capable of providing five or six degree of freedom informa 
tion. 

Moreover, in certain medical procedures providing eithera 
five or six degree of freedom display, will greatly assist the 
Surgeon in the medical procedure. For example, this type of 
information may be helpful with minimally invasive proce 
dures where clearance and viewing of the area of interest may 
not be relatively available. Therefore, during these types of 
procedures, the Surgeon may not clearly know where the tip or 
orientation of the instrument may be relative to the patient. 
With flexible instruments, such as catheters, it makes it even 
more difficult to estimate where the tip or orientation of the 
catheter may be during these types of procedures. 

Still other procedures. Such as orthopedic procedures, 
employ implants that include multiple components that 
articulate with one another. Placement of one component of 
the implant relative to another component of the implant is 
critical. If a display can provide both targeting and six degree 
of freedom information in relation to these mutually depen 
dent components, these procedures may be improved. For 
example, each implant component may require a specific 
orientation relative to its corresponding implant component 
to provide for the proper placement and proper range of 
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motion. With these types of procedures and implants, it is 
generally difficult to accurately locate the components in the 
five or six degrees of freedom position. Since the orientation 
and location of these individual components is dependent 
upon one another to be effective, these components must be 
properly positioned and aligned in order to improve the life of 
the implant, increase the range of motion and provide Supe 
rior patient outcomes. 

It is, therefore, desirable to provide a display, which can 
provide five or six degrees of freedom alignment information 
regarding tracked Surgical instruments and implants, particu 
larly implants or devices that have several components each 
having a specific orientation dependent upon one another. It 
is, therefore, an object of the present invention to provide such 
a display to assist in medical procedures. 

SUMMARY OF THE INVENTION 

In accordance with the teachings of the present invention, 
a six degree of freedom alignment display that includes indi 
cia of at least five degree of freedom information to assist in 
performing a medical procedure is disclosed. The six degree 
of freedom display assists in various types of medical proce 
dures, including orthopedic procedures, neurovascular, intra 
vascular, spinal, cardiovascular procedures, soft tissue proce 
dures, etc. 

In an embodiment, a display for use in guiding a medical 
device to a target in a patient during a medical procedure 
includes indicia. This indicia includes first, second, third, 
fourth, and fifth indicia illustrated on the display that identi 
fies first, second, third, fourth, and fifth degree of freedom 
information. These indicias are illustrated on the display to 
assist in guiding the medical device to the target. 

In another embodiment, a navigation system for use in 
guiding a medical device to a target in a patient during a 
medical procedure includes a tracking sensor, a tracking 
device and a display. The tracking sensor is associated with 
the medical device and is operable to be used to track the 
medical device. The tracking device is operable to track the 
medical device with the tracking sensor. The display includes 
indicia illustrating at least five degree of freedom information 
and indicia of the medical device in relation to the at least five 
degree of freedom information. 

In yet another embodiment, a method for navigation and 
displaying a medical device during a medical procedure is 
provided. This method includes selecting a target for navigat 
ing the medical device to, displaying the targetina coordinate 
system, tracking the medical device, and displaying the medi 
cal device in relation to the target with at least five degree of 
freedom information. 

Further areas of applicability of the present invention will 
become apparent from the detailed description provided here 
inafter. It should be understood that the detailed description 
and specific examples, while indicating the preferred embodi 
ment of the invention, are intended for purposes of illustration 
only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully understood 
from the detailed description and the accompanying draw 
ings, wherein: 

FIG. 1 is a diagram of a navigation system employing the 
display according to the teachings of the present invention; 

FIGS. 2a and 2b are diagrams representing undistorted and 
distorted views of a fluoroscopic C-arm imaging device; 
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FIGS. 3a and 3b is a logic block diagram illustrating a 
method for employing the display according to the teachings 
of the present invention; 

FIGS. 4a-4e illustrate a medical procedure employing the 
display according to the teachings of the present invention; 

FIG. 5 is a figure of the display according to the teachings 
of the present invention; 

FIG. 6 is a split screen view of the display according to the 
teachings of the present invention; 

FIG. 7 is an additional split screen view of the display 
according to the teachings of the present invention; 

FIGS. 8a-8g illustrate another medical procedure employ 
ing the display according to the teachings of the present 
invention; and 

FIG. 9 is an illustration of a dual display according to the 
teachings of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The following description of the preferred embodiment(s) 
is merely exemplary in nature and is in no way intended to 
limit the invention, its application, or uses. Moreover, while 
the invention is discussed in detail below in regard to an 
orthopedic Surgical procedure, the display of the present 
invention may be used with any type of medical procedure, 
including orthopedic, cardiovascular, neurovascular, Soft tis 
Sue procedures, or any other medical procedures. 

FIG. 1 is a diagram illustrating the five or six degree of 
freedom (5 or 6DOF) alignment display 10 employed with an 
image guided navigation system 12 for use in navigating a 
surgical instrument or implant during a medical procedure. It 
should also be noted that the display 10 of the present inven 
tion may be used or employed in an image-less based navi 
gation system, further discussed herein. The navigation sys 
tem 12 may be used to navigate any type of instrument or 
delivery system, such as a reamer, impactor, cutting block, 
saw blade, catheter, guide wires, needles, drug delivery sys 
tems, and cell delivery systems. The navigation system 12 
may also be used to navigate any type of implant including 
orthopedic implants, spinal implants, cardiovascular 
implants, neurovascular implants, soft tissue implants, or any 
other devices implanted in a patient 14. The navigation sys 
tem 12 may also be used to navigate implants or devices that 
are formed as an assembly or from multiple components 
where the location and orientation of each component is 
dependent upon one another to be effective in its use. For 
example, during a spinal procedure, the display may be used 
to track and align a spinal screw with a spinal rod to insure 
attachment of each device. 
The navigation system 12 includes an imaging device 16 

that is used to acquire pre-operative or real-time images of the 
patient 14. The imaging device 16 is a fluoroscopic C-arm 
X-ray imaging device that includes a C-arm 18, an X-ray 
Source 20, an X-ray receiving section 22, an optional calibra 
tion and tracking target 24 and optional radiation sensors 26. 
The optional calibration and tracking target 24 includes cali 
bration markers 28 (see FIGS. 2a-2b), further discussed 
herein. A C-arm controller 30 captures the X-ray images 
received at the receiving section 22 and stores the images for 
later use. The C-arm controller 30 may also control the rota 
tion of the C-arm18. For example, the C-arm 18 may move in 
the direction of arrow 32 or rotate about the long axis of the 
patient 14, allowing anterior or lateral views of the patient 14 
to be imaged. Each of these movements involve rotation about 
a mechanical axis 34 of the C-arm 18. In this example, the 
long axis of the patient 14 is substantially in line with the 
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4 
mechanical axis 34 of the C-arm 18. This enables the C-arm 
18 to be rotated relative to the patient 14, allowing images of 
the patient 14 to be taken from multiple directions or about 
multiple planes. An example of a fluoroscopic C-arm X-ray 
imaging device 16 is the “Series 9600 Mobile Digital Imaging 
System.” from OEC Medical Systems, Inc., of Salt Lake City, 
Utah. Other exemplary fluoroscopes include bi-plane fluoro 
scopic systems, ceiling fluoroscopic systems, cath-lab fluo 
roscopic systems, fixed C-arm fluoroscopic systems, etc. 

In operation, the imaging device 16 generates X-rays from 
the X-ray source 20that propagate through the patient 14 and 
calibration and/or tracking target 24, into the X-ray receiving 
section 22. The receiving section 22 generates an image rep 
resenting the intensities of the received X-rays. Typically, the 
receiving section 22 includes an image intensifier that first 
converts the X-rays to visible light and a charge coupled 
device (CCD) video camera that converts the visible light into 
digital images. Receiving section 22 may also be a digital 
device that converts X-rays directly to digital images, thus 
potentially avoiding distortion introduced by first converting 
to visible light. With this type of digital C-arm, which is 
generally a flat panel device, the calibration and/or tracking 
target 24 and the calibration process discussed below may be 
eliminated. Also, the calibration process may be eliminated 
for different types of medical procedures. Alternatively, the 
imaging device 16 may only take a single image with the 
calibration and tracking target 24 in place. Thereafter, the 
calibration and tracking target 24 may be removed from the 
line-of-sight of the imaging device 16. 
Two dimensional fluoroscopic images taken by the imag 

ing device 16 are captured and stored in the C-arm controller 
30. These images are forwarded from the C-arm controller 30 
to a controller or work station 36 having the display 10 that 
may either include a single display 10 or a dual display 10 and 
a user interface 38. The work station 36 provides facilities for 
displaying on the display 10, saving, digitally manipulating, 
or printing a hard copy of the received images, as well as the 
five or six degree of freedom display. The user interface 38, 
which may be a keyboard, joy stick, mouse, touch pen, touch 
screen or other Suitable device allows a physician or user to 
provide inputs to control the imaging device 16, via the C-arm 
controller 30, or adjust the display settings, such as safe Zones 
of the display 10, further discussed herein. The work station 
36 may also direct the C-arm controller 30 to adjust the 
rotational axis 34 of the C-arm 18 to obtain various two 
dimensional images along different planes in order to gener 
ate representative two-dimensional and three-dimensional 
images. When the X-ray source 20 generates the X-rays that 
propagate to the X-ray receiving section 22, the radiation 
sensors 26 sense the presence of radiation, which is for 
warded to the C-arm controller 30, to identify whether or not 
the imaging device 16 is actively imaging. This information is 
also transmitted to a coil array controller 48, further discussed 
herein. Alternatively, a person or physician may manually 
indicate when the imaging device 16 is actively imaging or 
this function can be built into the X-ray source 20, X-ray 
receiving section 22, or the control computer 30. 

Fluoroscopic C-arm imaging devices 16 that do not include 
a digital receiving section 22 generally require the calibration 
and/or tracking target 24. This is because the raw images 
generated by the receiving section 22 tend to suffer from 
undesirable distortion caused by a number of factors, includ 
ing inherent image distortion in the image intensifier and 
external electromagnetic fields. An empty undistorted orideal 
image and an empty distorted image are shown in FIGS. 2a 
and 2b, respectively. The checkerboard shape, shown in FIG. 
2a, represents the ideal image 40 of the checkerboard 
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arranged calibration markers 28. The image taken by the 
receiving section 22, however, can Suffer from distortion, as 
illustrated by the distorted calibration marker image 42, 
shown in FIG. 2b. 

Intrinsic calibration, which is the process of correcting 
image distortion in a received image and establishing the 
projective transformation for that image, involves placing the 
calibration markers 28 in the path of the X-ray, where the 
calibration markers 28 are opaque or semi-opaque to the 
X-rays. The calibration markers 28 are rigidly arranged in 
pre-determined patterns in one or more planes in the path of 
the X-rays and are visible in the recorded images. Because the 
true relative position of the calibration markers 28 in the 
recorded images are known, the C-arm controller 30 or the 
work station or computer 36 is able to calculate an amount of 
distortion at each pixel in the image (where a pixel is a single 
point in the image). Accordingly, the computer or work sta 
tion 36 can digitally compensate for the distortion in the 
image and generate a distortion-free or at least a distortion 
improved image 40 (see FIG. 2a). A more detailed explana 
tion of exemplary methods for performing intrinsic calibra 
tion are described in the references: B. Schuele, et al., “Cor 
rection of Image Intensifier Distortion for Three 
Dimensional Reconstruction.” presented at SPIE Medical 
Imaging, San Diego, Calif. 1995; G. Champleboux, et al., 
"Accurate Calibration of Cameras and Range Imaging Sen 
sors: the NPBS Method.” Proceedings of the IEEE Interna 
tional Conference on Robotics and Automation, Nice, 
France, May, 1992; and U.S. Pat. No. 6,118,845, entitled 
“System And Methods For The Reduction And Elimination 
Of Image Artifacts. In The Calibration Of X-Ray Imagers.” 
issued Sep. 12, 2000, the contents of which are each hereby 
incorporated by reference. 

While the fluoroscopic C-arm imaging device 16 is shown 
in FIG. 1, any other alternative imaging modality may also be 
used or an image-less based application may also be 
employed, as further discussed herein. For example, isocen 
tric fluoroscopy, bi-plane fluoroscopy, ultrasound, computed 
tomography (CT), multi-slice computed tomography 
(MSCT), magnetic resonance imaging (MRI), high fre 
quency ultrasound (HIFU), optical coherence tomography 
(OCT), intra-vascular ultrasound (IVUS), 2D, 3D or 4D ultra 
sound, or intraoperative CT or MRI may also be used to 
acquire pre-operative or real-time images or image data of the 
patient 14. Image datasets from hybrid modalities, such as 
positron emission tomography (PET) combined with CT, or 
single photon emission computer tomography (SPECT) com 
bined with CT, could also provide functional image data 
Superimposed onto anatomical data to be used to confidently 
reach target sights within the areas of interest. It should fur 
ther be noted that the fluoroscopic C-arm imaging device 16, 
as shown in FIG. 1, provides a virtual bi-plane image using a 
single-head C-arm fluoroscope 16 by simply rotating the 
C-arm 18 about at least two planes, which could be orthogo 
nal planes to generate two-dimensional images that can be 
converted to three-dimensional Volumetric images that can be 
displayed on the six degree of freedom display 10. 
The navigation system 12 further includes an electromag 

netic navigation or tracking system 44 that includes a trans 
mitter coil array 46, the coil array controller 48, a navigation 
probe interface 50, an instrument 52 having an electromag 
netic tracker and a dynamic reference frame 54. It should 
further be noted that the entire tracking system 44 or parts of 
the tracking system 44 may be incorporated into the imaging 
device 16, including the work station36 and radiation sensors 
26. Incorporating the tracking system 44 will provide an 
integrated imaging and tracking system. Any combination of 
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6 
these components may also be incorporated into the imaging 
system 16, which again can include a fluoroscopic C-arm 
imaging device or any other appropriate imaging device. 
Obviously, if an image-less procedure is performed, the navi 
gation and tracking system 44 will be a stand alone unit. 
The transmitter coil array 46 is shown attached to the 

receiving section 22 of the C-arm 18. However, it should be 
noted that the transmitter coil array 46 may also be positioned 
at any other location as well, particularly if the imaging 
device 16 is not employed. For example, the transmitter coil 
array 46 may be positioned at the X-ray source 20, within the 
OR table 56 positioned below the patient 14, on siderails 
associated with the OR table 56, or positioned on the patient 
14 in proximity to the region being navigated. Such as by the 
patient's pelvic area. The transmitter coil array 46 includes a 
plurality of coils that are each operable to generate distinct 
electromagnetic fields into the navigation region of the 
patient 14, which is sometimes referred to as patient space. 
Representative electromagnetic systems are set forth in U.S. 
Pat. No. 5,913,820, entitled “Position Location System.” 
issued Jun. 22, 1999 and U.S. Pat. No. 5,592,939, entitled 
“Method and System for Navigating a Catheter Probe.” 
issued Jan. 14, 1997, each of which are hereby incorporated 
by reference. 
The transmitter coil array 46 is controlled or driven by the 

coil array controller 48. The coil array controller 48 drives 
each coil in the transmitter coil array 46 in a time division 
multiplex or a frequency division multiplex manner. In this 
regard, each coil may be driven separately at a distinct time or 
all of the coils may be driven simultaneously with each being 
driven by a different frequency. Upon driving the coils in the 
transmitter coil array 46 with the coil array controller 48, 
electromagnetic fields are generated within the patient 14 in 
the area where the medical procedure is being performed, 
which is again sometimes referred to as patient space. The 
electromagnetic fields generated in the patient space induces 
currents in sensors 58 positioned in the instrument 52, further 
discussed herein. These induced signals from the instrument 
52 are delivered to the navigation probe interface 50 and 
subsequently forwarded to the coil array controller 48. The 
navigation probe interface 50 provides all the necessary elec 
trical isolation for the navigation system 12. The navigation 
probe interface 50 also includes amplifiers, filters and buffers 
required to directly interface with the sensors 58 in instrument 
52. Alternatively, the instrument 52 may employ a wireless 
communications channel as opposed to being coupled 
directly to the navigation probe interface 50. 
The instrument 52 is equipped with at least one, and may 

include multiple localization sensors 58. In this regard, the 
instrument 52 may include an orthogonal pair coil sensor 58 
or a tri-axial coil sensor 58 or multiple single coil sensors 58 
positioned about the instrument 52. Here again, the instru 
ment 52 may be any type of medical instrument or implant. 
For example, the instrument may be a catheter that can be 
used to deploy a medical lead, be used for tissue ablation, or 
be used to deliver a pharmaceutical agent. The instrument 52 
may also be an orthopedic instrument, used for an orthopedic 
procedure. Such as reamers, impactors, cutting blocks, saw 
blades, drills, etc. The instrument 52 may also be any type of 
neurovascular instrument, cardiovascular instrument, softtis 
sue instrument, etc. Finally, the instrument 52 may be an 
implant that is tracked, as well as any other type of device 
positioned and located within the patient 14. These implants 
can include orthopedic implants, neurovascular implants, car 
diovascular implants, soft tissue implants, or any other 
devices that are implanted into the patient 14. Particularly, 
implants that are formed from multiple components where 
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the location and orientation of each component is dependent 
upon the location and orientation of the other component, 
Such that each of these components can be tracked or navi 
gated by the navigation and tracking system 44 to be dis 
played on the six degree of freedom display 10. 

In an alternate embodiment, the electromagnetic sources or 
generators may be located within the instrument 52 and one or 
more receiver coils may be provided externally to the patient 
14 forming a receiver coil array similar to the transmitter coil 
array 46. In this regard, the sensor coils 58 would generate 
electromagnetic fields, which would be received by the 
receiving coils in the receiving coil array similar to the trans 
mitter coil array 46. Other types of localization or tracking 
may also be used with other types of navigation systems, 
which may include an emitter, which emits energy, such as 
light, Sound, or electromagnetic radiation, and a receiver that 
detects the energy at a position away from the emitter. This 
change in energy, from the emitter to the receiver, is used to 
determine the location of the receiver relative to the emitter. 
These types of localization systems include conductive, 
active optical, passive optical, ultrasound, Sonic, electromag 
netic, etc. An additional representative alternative localiza 
tion and tracking system is set forth in U.S. Pat. No. 5,983, 
126, entitled “Catheter Location System and Method issued 
Nov. 9, 1999, which is hereby incorporated by reference. 
Alternatively, the localization system may be a hybrid system 
that includes components from various systems. 

The dynamic reference frame 54 of the electromagnetic 
tracking system 44 is also coupled to the navigation probe 
interface 50 to forward the information to the coil array con 
troller 48. The dynamic reference frame 54 is a small mag 
netic field detector or any other type of detector/transmitter 
that is designed to be fixed to the patient 14 adjacent to the 
region being navigated so that any movement of the patient 14 
is detected as relative motion between the transmitter coil 
array 46 and the dynamic reference frame 54. This relative 
motion is forwarded to the coil array controller 48, which 
updates registration correlation and maintains accurate navi 
gation, further discussed herein. The dynamic reference 
frame 54 can be configured as a pair of orthogonally oriented 
coils, each having the same center or may be configured in 
any other non-coaxial coil configuration. The dynamic refer 
ence frame 54 may be affixed externally to the patient 14, 
adjacent to the region of navigation, such as the patients 
pelvic region, as shown in FIG. 1 or on any other region of the 
patient. The dynamic reference frame 54 can be affixed to the 
patient’s skin, by way of a stick-on adhesive patch. The 
dynamic reference frame 54 may also be removably attach 
able to fiducial markers 60 also positioned on the patients 
body and further discussed herein. 

Alternatively, the dynamic reference frame 54 may be 
internally attached, for example, to the pelvis or femur of the 
patient using bone screws that are attached directly to the 
bone. This provides increased accuracy since this will track 
any motion of the bone. Moreover, multiple dynamic refer 
ence frames 54 may also be employed to track the position of 
two bones relative to a joint. For example, one dynamic 
reference frame 54 may be attached to the pelvis, while a 
second dynamic reference frame 54 may be attached to the 
femur during hip arthroplasty. In this way, motion of the 
femur relative to the pelvis may be detected by the dual 
dynamic reference frames 54. An exemplary dynamic refer 
ence frame 54 and fiducial marker 60, is set forth in U.S. Pat. 
No. 6.381,485, entitled “Registration of Human Anatomy 
Integrated for Electromagnetic Localization issued Apr. 30. 
2002, which is hereby incorporated by reference. 
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Briefly, the navigation system 12 operates as follows. The 

navigation system 12 creates a translation map between all 
points in the radiological image generated from the imaging 
device 16 and the corresponding points in the patients 
anatomy in patient space. After this map is established, when 
ever a tracked instrument 52 is used, the work station 36 in 
combination with the coil array controller 48 and the C-arm 
controller 30 uses the translation map to identify the corre 
sponding point on the pre-acquired image, which is displayed 
on display 10. This identification is known as navigation or 
localization. An icon representing the localized point or 
instrument is shown on the display 10, along with five or six 
degrees of freedom indicia. 
To enable navigation, the navigation system 12 must be 

able to detect both the position of the patients anatomy 14 
and the position of the Surgical instrument 52. Knowing the 
location of these two items allows the navigation system 12 to 
compute and display the position of the instrument 52 in 
relation to the patient 14. The tracking system 44 is employed 
to track the instrument 52 and the anatomy simultaneously. 
While the display 10 is configured to show the instrument 
with six degree of freedom accuracy. 
The tracking system 44 essentially works by positioning 

the transmitter coil array 46 adjacent to the patient space to 
generate a low-energy magnetic field generally referred to as 
a navigation field. Because every point in the navigation field 
or patient space is associated with a unique field strength, the 
electromagnetic tracking system 44 can determine the posi 
tion of the instrument 52 by measuring the field strength at the 
sensor 58 location. The dynamic reference frame 54 is fixed to 
the patient 14 to identify the location of the patient 14 in the 
navigation field. The electromagnetic tracking system 44 
continuously recomputes the relative position of the dynamic 
reference frame 54 and the instrument 52 during localization 
and relates this spatial information to patient registration data 
to enable image guidance of the instrument 52 within the 
patient 14. 

Patient registration is the process of determining how to 
correlate the position of the instrument 52 on the patient 14 to 
the position on the diagnostic, pre-acquired, or real-time 
images. To register the patient 14, the physician or user will 
select and store particular points from the pre-acquired 
images and then touch the corresponding points on the 
patients anatomy with a pointer probe 62. The navigation 
system 12 analyzes the relationship between the two sets of 
points that are selected and computes a match, which corre 
lates every point in the image data with its corresponding 
point on the patients anatomy or the patient space. The points 
that are selected to perform registration are the fiducial arrays 
or landmarks 60. Again, the landmarks or fiducial points 60 
are identifiable on the images and identifiable and accessible 
on the patient 14. The landmarks 60 can be artificial land 
marks 60 that are positioned on the patient 14 or anatomical 
landmarks 60 that can be easily identified in the image data. 
The system 12 may also perform 2D to 3D registration by 
utilizing the acquired 2D images to register 3D volume 
images by use of contour algorithms, point algorithms or 
density comparison algorithms, as is known in the art. 

In order to maintain registration accuracy, the navigation 
system 12 continuously tracks the position of the patient 14 
during registration and navigation. This is necessary because 
the patient 14, dynamic reference frame 54, and transmitter 
coil array 46 may all move during the procedure, even when 
this movement is not desired. Therefore, if the navigation 
system 12 did not track the position of the patient 14 or area 
of the anatomy, any patient movement after image acquisition 
would result in inaccurate navigation within that image. The 
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dynamic reference frame 54 allows the electromagnetic 
tracking device 44 to register and track the anatomy. Because 
the dynamic reference frame 54 is rigidly fixed to the patient 
14, any movement of the anatomy or the transmitter coil array 
46 is detected as the relative motion between the transmitter 
coil array 46 and the dynamic reference frame 54. This rela 
tive motion is communicated to the coil array controller 48, 
via the navigation probe interface 50, which updates the reg 
istration correlation to thereby maintain accurate navigation. 

It should also be understood that localization and registra 
tion data may be specific to multiple targets. For example, 
should a spinal procedure be conducted, each vertebra may be 
independently tracked and the corresponding image regis 
tered to each vertebra. In other words, each vertebra would 
have its own translation map between all points in the radio 
logical image and the corresponding points in the patients 
anatomy in patient space in order to provide a coordinate 
system for each vertebra being tracked. The tracking system 
44 would track any motion in each vertebra by use of a 
tracking sensor 58 associated with each vertebra. In this way, 
dual displays 10 may be utilized, further discussed herein, 
where each display tracks a corresponding vertebra using its 
corresponding translation map and a Surgical implant or 
instrument 52 may be registered to each vertebra and dis 
played on the display 10 further assisting an alignment of an 
implant relative to two articulating or movable bones. More 
over, each separate display in the dual display 10 may Super 
impose the other vertebra so that it is positioned adjacent to 
the tracked vertebra thereby adding a further level of infor 
mation on the six degree of freedom display 10. 
As an alternative to using the imaging system 16, in com 

bination with the navigation and tracking system 44, the five 
or six degree of freedom alignment display 10 can be used in 
an imageless manner without the imaging system 16. In this 
regard, the navigation and tracking system 44 may only be 
employed and the probe 62 may be used to contact or engage 
various landmarks on the patient. These landmarks can be 
bony landmarks on the patient, such that upon contacting a 
number of landmarks for each bone, the workstation 36 can 
generate a three-dimensional model of the bones. This model 
is generated based upon the contacts and/or use of atlas maps. 
The workstation36 may also generate a center axis of rotation 
for the joint or planes, based upon the probe contacts. Alter 
natively, the tracking sensor 58 may be placed on the patients 
anatomy and the anatomy moved and correspondingly 
tracked by the tracking system 44. For example, placing a 
tracking sensor 58 on the femur and fixing the pelvis in place 
of a patient and rotating the leg while it is tracked with the 
tracking system 44 enables the work station 36 to generate a 
center of axis of the hip joint by use of kinematics and motion 
analysis algorithms, as is known in the art. If the pelvis is not 
fixed, another tracking sensor 58 may be placed on the pelvis 
to identify the center of axis of the hip joint. If a tracking 
sensor 58 is placed on the femur and a tracking sensor 58 is 
placed on the tibia, upon moving this portion of the anatomy, 
a center of axis of the knee joint may be identified. Likewise, 
by placing a separate tracking sensor 58 on two adjacent 
Vertebra and articulating the spine, the center of axis of the 
spinal region can also be identified. In this way, a target and/or 
model based on the center of the particular joint may be 
designated and identified on the six degree of freedom display 
10. Movement of the instrument or implant 52 may then be 
tracked in relation to this target and/or model to properly align 
the instrument or implant 52 relative to the target and/or 
model. 

Turning to FIGS. 3a and 3b, the method of employing the 
six degree of freedom display 10 is described in further detail. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
The method 64 begins by determining whether an image 
based medical procedure will be employed or an image-less 
medical procedure will be employed. If the image based 
procedure is being employed, the method proceeds along the 
first branch. In this regard, when an image based procedure 
will be utilized, the method begins at block 66 identifying the 
image tracking procedure. From block 66, the method pro 
ceeds to block 68 where images are generated by the imaging 
system 16. This imaging is performed at the area of interest of 
the patient 14 by any type of imaging device as previously 
discussed. Once images have been generated at block 68, the 
method proceeds to block 70 where calibration and registra 
tion is performed. In block 70, calibration of the imaging 
device 16 takes place using the calibration targets 28. Addi 
tionally, registration of the pre-acquired images from block 
68 are registered to the patient space of the medical procedure 
utilizing the fiducial markers 60 and probe 62 as previously 
discussed. This registration registers the current patient space 
with the pre-acquired image, so that the instrument 52 or 
other devices may be tracked during the medical procedure 
and accurately Superimposed over the pre-acquired images 
generated from the imaging device 16. 

If an image-less medical procedure is selected, the method 
begins at block 72 identifying that an image-less based medi 
cal procedure will be performed. This method proceeds to 
either block 74 identifying a first way to generate image-less 
models or block 76 identifying a second way to generate 
image-less models. At block 74, the probe 62 is used to 
contact the body at various anatomical landmarks in the area 
of interest, such as a bone. For example, by touching the probe 
62 to the pelvis, knee, and ankle, articulation planes can be 
defined using known algorithms and the center of each joint 
may also be defined. An example of this type of modeling is 
set forth in U.S. Pat. No. 5,682,886, which is hereby incor 
porated by reference. Alternatively, multiple anatomical 
landmarks can be contacted with the probe 62 to generate a 
3-D model with the more points contacted, the more accurate 
the model depicted. 

Secondly, to generate a model at block 76, a tracking 
device is placed on the body and the body rotated about the 
joint. When this is done, the plane of rotation and joint center 
can be identified using known kinematic and/or motion analy 
sis algorithms or using atlas maps or tables, as is known in the 
art. Once the area of interest has been probed, via block 74 or 
block 76, a model is generated at block 78. This model can be 
a 3D surface rendered model, a 2-D model identifying articu 
lating planes or a 3D model identifying articulating planes 
and rotation, as well as the center of the joints. This enables 
the display 10 to use the joint centers or articulating planes as 
the target or trajectory, further discussed herein. 

With each of the procedures 74 or 76, the procedure may be 
initially based on the use of atlas information or a 3-D model 
that is morphed, to be a patient specific model. In this regard, 
should the femur be the area of interest, an accurate represen 
tation of an ordinary femur may be selected from an atlas 
map, thereby providing an initial 2-D or 3-D model repre 
senting a typical anatomical femur. As with block 74, upon 
contacting numerous areas on the actual femur with the probe 
62, the atlas model may be morphed into a patient specific 
3-D model, with the more points contacted, the more accurate 
the morphed model. Patient specific information may also be 
acquired using an ultrasound probe to again identify the shape 
of the patient’s natural femur in order to morph the atlas 
model. A fluoroscopic image of the region may also be used 
to morph the patients femur with the atlas model to provide 
a patient specific morphed model. Proceeding under block 76 
and assuming that the area of interest is the hip joint, an atlas 
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model of the femur and pelvis may be the initial starting point. 
Upon rotating and moving the femur relative to the pelvis, a 
patient specific morphed model may be created to generate 
accurate joint centers and axes of motion again using known 
kinematics and/or motion analysis algorithms 
Once the image data is calibrated and registered at block 70 

or the model is generated at block 78, the method proceeds to 
block 80. At block 80, the specific type of coordinate system 
is selected, which will be displayed by indicia on the six 
degree of freedom display 10. The coordinate systems can be 
a Cartesian coordinate system, a spherical coordinate system, 
or a polar coordinate system. By way of example, the Carte 
sian coordinate system will be selected. The Cartesian coor 
dinate system will include the X, Y, and Z axes, and X rota 
tion, Y rotation, and Z rotation about its respective axes. 

With reference to FIG. 5, the six degree of freedom display 
10 is shown in further detail employing the Cartesian coordi 
nate system. In this regard, the X axis 82 and the Y axis 84 are 
shown positioned on the display 10. The Z axis 86 extends out 
from the display 10 and is shown in the upper left corner. 
Rotation about the X axis is shown by bar graph 88 to the right 
of the display 10 and rotation about the Y axis is shown by bar 
graph90 positioned at the bottom of the display 10. Rotation 
about the Z axis is shown with the arcuate bar graph 92 
oriented about the X and Y axes 82and84. Each axis, as well 
as the rotation axes identified by the bar graphs may be color 
coded to identify safe Zones or regions for the item being 
tracked or navigated. In this regard, the safe Zones can be 
defined as ranges around the planned trajectory path or target 
where the safe Zones are determined by manufactured deter 
mined parameters, user determined parameters or patient spe 
cific parameter, further discussed herein. 

Arrow indicator 94 identifies the degree of rotation about 
the X axis 82. Arrow indicator 96 shows the amount of rota 
tion about the Yaxis 84. Arrow 98 identifies the rotation about 
the Z axis, while arrow 100 identifies the depth being tracked 
along the Z axis 86. The origin 102 may be set to be the 
desired target position or trajectory path. The crosshairs 104 
represents the tip of the instrument 52 being tracked, while 
the circle 106 represents the hind area of the instrument 52 
being tracked. With the understanding that the instrument 52 
can be any type of medical device or implant. Also, if five 
degree of freedom information is provided, one of the indicia 
82, 84, 86, 88,90, and 92 will be removed. 
Once the coordinate system is selected at block 80, the 

method proceeds to block 108 where the target or trajectory is 
selected. The target or trajectory selected at block 108 is 
typically positioned at the origin 102 on the display 10. In this 
way, the object being tracked or aligned may be tracked and 
aligned about the origin 102. Alternatively, the target may be 
identified at any coordinate within the display 10 or multiple 
targets may also be identified within the single display 10. An 
indicia of the target may also be positioned on the display 10. 
The target is selected based upon the desired area to position 
the instrument 52 and can be selected from the pre-acquired 
images or from the 3-D model. Once selected, this target is 
correlated to the display 10 and generally positioned at the 
origin 102. 
Once the target/trajectory is selected at block 108, such as 

the origin 102, the method proceeds to block 110 where the 
safe Zones are identified for each degree of freedom. Refer 
ring again to FIG. 5, the safe zones 112 are identified for each 
degree of freedom by color coding. For example, the safe 
Zone 112 for the X axis is between -2.5 and +2.5. The safe 
Zone 112 for rotation about the X axis is between -5° and +5° 
of rotation about the X axis. The user can simply guide the 
instrument 52 using the cross hairs 104 and circle 106 to align 
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12 
the instrument 52 within these designated safe Zones 112. 
Again, these safe Zones 112 may be determined by manufac 
ture specifications, such as tolerance range of the instruments 
or positions for implants. The safe Zones 112 may also be 
determined based on the patient, the Surgeon conducting the 
procedure, or any other factors to assista Surgeon in navigat 
ing the instrument 52 through the patient 14. These safe Zones 
112 may also be identified via an audible signal or tone or a 
varying tone. The safe Zones 112 may also be identified by 
any other convenient manner to be set out on the display 10. 
Once the safe Zones 112 are identified for each degree of 

freedom in block 110, the method proceeds to block 114 
where the target trajectory in the selected coordinate system is 
displayed with the safe Zones 112, as shown in FIG. 5. At 
block 116, if an image based method is being conducted, a 
decision whether to Superimpose the image over the target/ 
trajectory is made. Alternatively, the image may be placed 
adjacent to the target trajectory display, as is shown in FIG. 6. 
and further discussed herein. Should the image-less based 
medical procedure be conducted, at block 118, a determina 
tion is made whether to Superimpose the model that was 
generated at block 78. Here again, this model may be super 
imposed over the target/trajectory display on display 10 or 
may be positioned adjacent to the target/trajectory display in 
a split Screen or on a separate display. 
Once the target/trajectory 102 is displayed along with the 

safe Zones 112 in the proper coordinate system, as shown in 
FIG. 5, the method proceeds to block 120 where the first 
implant/instrument 52 is tracked with the navigation system 
44. With the implant/instrument 52 being tracked at block 
120, the method proceeds to block 122 wherein indicia rep 
resenting the implant/instrument 52 is displayed on the dis 
play 10, with either five or six degrees of freedom informa 
tion. Here again, referring to FIG. 5, the indicia representing 
the implant/instrument 52 is the crosshairs 104 and the circle 
106 designating the tip and hind, respectively. The tip 104 and 
hind 106 is represented in relation to the target/trajectory path 
102 in six degrees of freedom. This six degrees of freedom 
include the X and Y locations, as well as the depth Z of the 
implant/instrument 52 displayed. In addition, the rotation 
about each of the axes is also provided. This rotation can be 
helpful in many applications, including orthopedic, where 
rotation specific components need to be positioned relative to 
one another. For example, in a spinal application, alignment 
of a pedicle screw in relation to a spinal rod, would require 
information regarding the rotation of the screw relative to the 
rod. In cardiac procedures, this may be useful where ablation 
is necessary on a certain side of an artery and the ablation 
electrode is only positioned on one side of the catheter. In this 
situation, rotation of the catheter relative to the target in the 
artery is critical. In a neuro procedure, a biopsy needle may 
only have a biopsy port positioned upon one portion of the 
circumference of the needle, thereby requiring the rotation of 
the biopsy needle to be known in order to provide the proper 
capture of the relevant biopsy sample. Without this display, 
this information would not be available. 

With the indicia of the implant/instrument 52 being dis 
played, the implant/instrument 52 is aligned or fixed with the 
target/trajectory 102 at block 124. In this regard, the tip 104 
and the hind 106 are aligned and fixed relative to the target/ 
trajectory 102 at the origin and the rotational orientation is 
also aligned to the desired position. Again, the target/trajec 
tory 102 may not be positioned at the origin and can be 
positioned anywhere within the coordinate system if desired. 
As shown in FIG. 5, the tip 104 of the implant/instrument 52 
is shown aligned with the target 102, while the hind 106 is 
slightly offset from the target/trajectory 102. Once the 
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implant/instrument 52 is aligned and fixed relative to the 
target/trajectory 102, the method proceeds to block 126. 

At block 126, a determination is made as to whether there 
is a second implant/instrument 52 to be tracked. If there is not 
a second implant/instrument 52 to be tracked, the method 
ends at block 128. Should there be a second implant/instru 
ment 52 to track, such as a corresponding implant component 
that articulates with the first implant, the method proceeds to 
block 130. At block 130, a second target/trajectory 102 is 
selected, which is based upon the alignment or fixation of the 
first implant/instrument 52 relative to the first target/trajec 
tory 102. In this regard, if the surgeon is not able to position 
the first implant/instrument 52 at the desired target/trajectory 
102, this offset from the target/trajectory 102 may affect the 
second implant, which possibly articulates or mates with the 
first implant. If this is the case, the second target/trajectory 
102 will need to take into consideration this offset in order to 
provide proper articulation and alignment of the first implant 
component with the second implant component. 

With minimally invasive types of procedures, the implant 
may also have numerous components with each component 
articulating or mating with another component, thereby 
requiring tracking of each component as it is implanted dur 
ing the minimally invasive procedure. This second target/ 
trajectory 102 may be displayed on a separate display 10 (see 
FIG. 1), positioned via a split screen of a single display 10 or 
may be Superimposed upon the existing display that displays 
the first target 102 and implant position. In this way, orienta 
tion and placement of both the first and second implants, 
which are dependent upon one another can be shown in the 
display 10 providing the Surgeon the opportunity to adjust 
either position of either implant intraoperatively before the 
implants are permanently affixed to the patient 14. These 
types of implants include knee implants, hip implants, shoul 
der implants, spinal implants, or any other type of implant, 
which has a bearing Surface and an articulating Surface or any 
type of implant having multiple mating and connecting com 
ponents. 
Once the second target/trajectory 102 has been selected at 

block 130, the method proceeds to block 132. At block 132, 
the safe Zones 112 for each degree of freedom is selected for 
the second implant/instrument 52 similar to the way the first 
set of safe Zones 112 were selected for the first implant/ 
instrument 52. Once the second safe Zones 112 are selected, 
the method proceeds to block 134. At block 134, the display 
10 displays the second target/trajectory 102 in the same coor 
dinate system with the second safe Zones 112. Here again, at 
block 136, if it is an image based medical procedure, the 
pre-acquired image may be Superimposed on to the target/ 
trajectory 102. Alternatively, this image can be positioned 
adjacent the target screen in a split Screen configuration (see 
FIGS. 6 and 7). If the method is proceeding as an image-less 
type medical procedure, at block 138, decision is made 
whether to superimpose the generated model from block 78. 
Once the target/trajectory 102 is in the proper coordinate 
system with the safe Zone 112 are displayed at display 10, the 
surgical implant/instrument 52 is tracked at block 140. Here 
again, the second implant/instrument 52 can be tracked on a 
separate display 10 or be tracked on the same display as the 
first implant/instrument 52. 

Alternatively, separate displays 10 may be used where 
information is linked between the displays showing the sec 
ond implant/instrument 52 in relation to the first implant/ 
instrument 52. With the second implant/instrument 52 being 
tracked at block 140, the second implant/instrument 52 is 
displayed in relation to the second target/trajectory 102 in five 
or six degrees of freedom at block 142. Again, this may be a 
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separate display 10, a split screen display 10 with both the 
first target/trajectory 102 and the second target/trajectory 102 
or the same display 10 displaying both targets/trajectories 
102. While the second implant/instrument 52 is being dis 
played, the second implant/instrument 52 is aligned and fixed 
at the second target/trajectory 102 at block 144. Once the 
second implant/instrument 52 is fixed at block 144, the 
method proceeds to block 146. 
At block 146, a determination is made whether the align 

ment or fixation of the first and second implants/instruments 
52 are correct. In this regard, with two separate displays 10 
linked or with a single display 10, showing both targets/ 
trajectories 102, a Surgeon can determine whether each 
implant/instrument 52 is within its desired safe Zones 112 
and, therefore, optimally positioned for proper articulation. 
Here again, these safe Zones 112 may be color coded for the 
different safe Zones provided. If both implants are positioned 
and fixed at the proper targets, the method ends at block 148. 
If one or both of the implants are not properly positioned, 
adjustment of the first or second target/trajectory 102 is per 
formed at block 150. Once either or both targets are adjusted, 
realignment of the first and/or second implants/instruments 
52 are performed at block 152. Here again, since multiple 
component implants are dependent upon one another with 
respect to their position and orientation, alignment and 
adjustments of the targets/trajectories 102 may be performed 
several times until the optimum placement for each is per 
formed at repeat block 154. Thereafter, the method terminates 
at end block 156. 

While the above-identified procedure is discussed in rela 
tion to an orthopedic medical procedure in which an implant 
having multiple implant components is implanted within a 
patient using the six degree of freedom display 10, it should 
be noted that the six degree of freedom display 10 may be 
used to track other medical devices as well. For example, as 
was briefly discussed, an ablation catheter generally has an 
electrode positioned only on one angular portion of its cir 
cumference. Likewise, the wall of an artery typically has a 
larger plaque build-up on one side. Therefore, it is desirable to 
align that ablation electrode with the proper side of the artery 
wall during the procedure. With the six degree of freedom 
display 10, the Surgeon can easily identify the location, depth 
and angular rotation of the catheter relative to the artery wall. 
Other types of procedures may require the medical instru 
ment or probe to be properly oriented and located within the 
patient, such as identifying and tracking tumors, soft tissue, 
etc. By knowing and displaying the six degree of freedom 
movement of the medical device on the display 10, the medi 
cal procedure is optimized. 

It should also be pointed out that the method discussed 
above requires that the implant/instrument 52 have a tracking 
sensor associated therewithin order to identify the location of 
the tracked device in six degrees of freedom and display it on 
the display 10. The tracking sensors may be attached directly 
to implants, attached to the instruments that engage the 
implants or attach to members extending out from the 
implants. These tracking sensors again may be electromag 
netic tracking sensors, optical tracking sensors, acoustic 
tracking sensors, etc. Examples of various targets, which may 
or may not be Superimposed on the display again include 
orthopedic targets, spinal targets, cardiovascular targets, neu 
rovascular targets, soft tissue targets, etc. Specific examples 
include again the location of the plaque on a wall of an artery, 
the center of an articulating joint being replaced, the center of 
the implant placement, etc. By displaying two targets, either 
on separate displays or on the same display, the Surgeon can 
dynamically plan and trial implant placements by moving one 
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component of the implant to see where the other articulating 
component of the implant should be positioned. In this way, 
the Surgeon can trial the implant confirming its placement and 
orientation, via the display 10 before the implant is perma 
nently affixed to the patient 14. 

In a spinal procedure, two adjacent vertebra bodies can be 
tracked and displayed on two separate displays. In this way, if 
a single jig, such as a cutting jig is used to cut both the Surface 
of the first vertebra and the surface of the second vertebra, 
orientation of the jig may be displayed on each separate 
display in relation to the corresponding vertebra being acted 
upon, thereby enabling simultaneous tracking of the two 
planes being resected for each separate vertebra on a dual 
display System. Additionally, each vertebra may be displayed 
on each of the dual displays so that the vertebra being tracked 
is shown with the adjacent vertebra Superimposed adjacent 
thereto. Once the vertebra bodies are prepared, the implant is 
typically placed between each vertebra on the prepared site. 
Other ways of preparing this site is by using drills, reamers, 
burrs, trephines or any other appropriate cutting or milling 
device. 

Briefly, the method, as shown in FIGS. 3a and 3b, demon 
strates that the display 10 illustrated both the position and 
orientation of an object with respect to a desired position and 
orientation with six degrees of freedom accuracy. The display 
10 may be automatically updated in real-time using the navi 
gation system 44 to report the orientation of the tracked 
device. The user may also adjust the display 10 in order to 
control a device's orientation. The display 10 again consists 
of three rotational indicators (RX, RY. RZ) and three transla 
tional indicators or indicia (TX, TY. TZ). Each indicator 
shows both visual and quantitative information about the 
orientation of the device. Each indicator also displays a pre 
determined safe Zone 112 and application-specific label for 
each degree of freedom. As noted, it may also be relevant to 
overlay the display 10 over anatomical image data from the 
imaging device 16. When working with 3-D image data sets, 
the anatomy normal to the tip 104 of the positioned device can 
provide the user with additional positional information. 

Tones, labels, colors, shading, overlaying with image data 
can all be modified and incorporated into the display 10. The 
current display 10 is also shown as a Cartesian coordinate 
based display, but again could be based on a polar based 
display or a spherical based display and a quick Switch 
between both can be supplied or simultaneously displayed. 
The display can also be configured by the user to hide param 
eters, location, size, colors, labels, etc. 
Some medical applications that may be commonly dis 

played and linked to the display 10 are: 1) reaming of an 
acetabular cup with major focus upon RY and RZ. 2) length of 
leg during hip and knee procedures focused upon TZ and RZ, 
3) biopsies and ablations focused upon RX, RY, and RZ for 
direction of the therapy device, and 4) catheters with side 
ports for sensing information or delivery of devices, thera 
pies, drugs, stem cells, etc. focused upon six degree of free 
dom information. 

Referring now to FIGS. 4a-4e, a medical procedure 
employing a six degree of freedom alignment display 10 is 
shown in further detail. In this example, an orthopedic medi 
cal procedure replacing the hip joint is illustrated. During this 
procedure, various instruments 52, as well as the implants 52 
are tracked and aligned using the six degree of freedom dis 
play 10. Referring specifically to FIG. 4a, a femur 160 having 
a femoral head 162 is illustrated, along with a pelvis 164 
having an acetabulum 166. Assuming that the medical proce 
dure being performed is an image based system, this area of 
interest will be imaged by the imaging device 16. Here again, 
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the dynamic reference frame 54 may be attached to the femur 
154 or the pelvis 164 or two dynamic frames 54 may be 
attached, one to each bone to provide additional accuracy 
during the medical procedure. With the head 162 dislocated 
from the acetabulum 166, a center of articulation of the 
acetabulum 166 is identified as the target 168, shown in FIG. 
6. 

In this regard, FIG. 6 illustrates the display 10 configured 
as a split Screen with the right identifying the six degree of 
freedom display and the left illustrating the pre-acquired 
image with the center of articulation 168 being the intersec 
tion of the X,Y, and Z axes. As illustrated in FIG. 4a, a reamer 
170 having a tracking sensor 58 is shown reaming the 
acetabulum 166. The tracking system 44 is able to accurately 
identify the navigation of the tip and hind of the reamer 170. 
As illustrated in FIG. 6, in the right half of the split screen, one 
can observe that the tip represented by the crosshairs 172 is 
properly positioned along the X and Y coordinates and within 
the corresponding safe Zones 112, however, the hind portion 
of the instrument 170, as identified by the circle 174, is 
angularly offset from the target 168 at the origin. The surgeon 
can then angularly adjust the hind portion 174 of the instru 
ment 170 until the hind portion 174 is shown in the display 10 
as positioned over the crosshairs 172, thereby assuring proper 
alignment of the reaming device 170 for subsequent proper 
placement of the acetabular cup implant. By tracking the 
reamer 170, the surgeon can be relatively confident that an 
acetabular cup implant will be properly positioned before the 
implant is even impacted into the acetabulum 166. 

Turning to FIG. 4b, an acetabular cup 178 is shown being 
impacted into the reamed acetabulum 166, via the tracked 
guide tool 180 with an impactor 182. The guide tool 180 has 
a distal end, which is nestingly received within the acetabular 
cup 178. Thus, by tracking the instrument 180, via tracking 
sensor 58, orientation of the acetabular cup 178 may be dis 
played on the display 10 in six degrees of freedom. In this 
way, before the acetabular cup 178 is impacted into the 
acetabulum 166, the surgeon can view on the display 10 
whether the acetabular cup 178 is properly positioned at the 
proper angular orientation, as shown in FIG. 7, the impactor 
180 is shown Superimposed over an image generated by the 
imaging device 16. In this way, the proper orientation, includ 
ing abduction and anteversion is achieved before the acetabu 
lar cup 178 is permanently implanted. 
Once the acetabular cup 178 has been impacted, the femo 

ral head 162 is resected along a plane 184 by use of a cutting 
guide 186, having the tracking sensor 58 and a saw blade 188. 
By using the center of the femoral head 162 as the second 
target, the cutting plane 184 may be properly defined to pro 
vide proper articulation with the acetabular cup 178 before a 
hip stem is implanted in the femur 160. Here again, the second 
target is dependent upon the first target. Thus, if the acetabular 
cup 178 was implanted somewhat offset from its target, the 
second target may be properly compensated to accommodate 
for this offset by use of the display 10. In this regard, a second 
display illustrating the target for the cutting plane 184 may be 
provided. 
Once the femoral head 162 of the femur 160 has been 

resected, as shown in FIG. 4d. a reamer 190 is employed to 
ream out the intramedullary canal 192 of the femur 160. In 
order to provide properangular orientation of the reamer 190, 
as well as the depth, a Subsequent target can be defined and 
identified on the display 10 and tracked by use of the tracking 
sensor 58. This target may be displayed separately or in 
combination with the previously acquired targets. By insur 
ing the proper angle of the reamer 190 relative to the longi 
tudinal axis of the femur 160 is tracked and displayed on 
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display 10, the surgeon can be provided a higher level of 
confidence that the hip stem will be properly positioned 
within the intramedullary canal 192. 
Once the intramedullary canal 192 has been reamed by the 

reamer 190, a hip stem 194 is impacted with an impactor 196 
into the intramedullary canal 192. By targeting the acetabular 
cup location, along with the resection plane 184 and the 
reaming axis of the reamer 190, upon positioning the hip stem 
194, within the femur 160, proper articulation and range of 
motion between the acetabular cup 178 and the hip stem 194 
is achieved without time consuming trialing as is conducted 
in conventional orthopedic procedures. Thus, by providing 
the safe Zones 112 in relation to the hip stem 194 size, proper 
articulation with the acetabular cup 178 is achieved. Here 
again, while an example of an orthopedic hip replacement is 
set out, the six degree of freedom display 10 may be utilized 
with any type of medical procedure requiring visualization of 
a medical device with six degree freedom information. 
The six degree of freedom display 10 enables implants, 

devices and therapies that have a specific orientation relative 
to the patientanatomy 14 to be properly positioned by use of 
the display 10. As was noted, it is difficult to visualize the 
correct placement of devices that require five or six degree of 
freedom alignment. Also, the orientation of multiple-segment 
implants, devices, or therapies in five and six degrees of 
freedom so that they are placed or activated in the correct 
orientation to one another is achieved with the display 10. 
Since the location and orientation is dependent upon one 
another to be effective, by having the proper orientation, 
improved life of the implants, the proper degrees of motion, 
and patient outcome is enhanced. Also, the six degree of 
freedom display 10 may be used as a user input mechanism by 
way of keyboard 38 for controlling each degree of freedom of 
a Surgical robotic device. In this regard, the user can input 
controls with the joystick, touch screen or keyboard 38 to 
control a robotic device. These devices also include drill 
guide holders, drill holders, mechanically adjusted or line 
devices. Such as orthopedic cutting blocks, or can be used to 
control and drive the alignment of the imaging system 16, or 
any other type of imaging system. 

Since multiple implants and therapies, or multi-segment/ 
compartment implants require multiple alignments, the dis 
play 10 may include a stereo display or two displays 10. These 
displays may or may not be linked, depending on the certain 
procedure. The target point/location (translation and orienta 
tion of each implant component is dependent upon the other 
implant placement or location). Therefore, the adjustment or 
dynamic targeting of the dependent implant needs to be input 
to the dependent implant and visually displayed. Again, this 
can be done by two separate displays or by Superimposing 
multiple targets on a single display. Many implants such as 
spinal disc implants, total knee and total hip replacements 
repair patient anatomy 14 by replacing the anatomy (bone, 
etc.) and restoring the patient 14 to the original biomechanics, 
size and kinematics. The benefit of the six degree of freedom 
alignment display 10 is that original patient data, Such as the 
images can be entered, manually or collectively, via the imag 
ing device 16 or image-less system used for placement of the 
implant. Again, manually, the user can enter data, overlay 
templates, or collect data, via the imaging system 16. An 
example, as discussed herein of an application is the align 
ment of a femoral neck of a hip implant in the previous patient 
alignment. The previous patient alignment can be acquired by 
landmarking the patient femoral head by using biomechanics 
to determine the center and alignment of the current line and 
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angle of the femoral head. This information can be used as the 
target on the display 10 in order to properly align the implant 
replacing the femoral head. 
The six degree of freedom display 10 also provides orien 

tation guidance on a single display. Separate visual and quan 
titative read-outs for each degree of freedom is also displayed 
on the display 10. Visual representations or indicia of proce 
dure-specific accepted values (i.e., a “safe Zone 112) for 
each degree of freedom is also clearly displayed on the dis 
play 10. These safe Zones 112 are displayed as specifics or 
ranges for the user to align or place within. The procedure 
specific accepted values for the safe Zones 112 can be manu 
facture determined, user determined, patient specific (calcu 
lated) or determined from algorithms (finite elementanalysis, 
kinematics, etc. atlas or tables). It can also be fixed or con 
figurable. Safe Zones 112 can also be defined as ranges around 
a planned trajectory path or the specific trajectory path itself 
(range Zero). The trajectory paths are input as selected points 
by the user or paths defined from the patient image data 
(segmented vascular structure, calculated centers of bone/ 
joints, anatomical path calculated by known computed meth 
ods, etc.). 

Turning now to FIGS. 8a-8g, another medical procedure 
employing the six degree of freedom alignment display 10 is 
shown in further detail, along with FIG. 9 illustrating the use 
of the display 10 during this medical procedure. In this 
example, a spinal medical procedure that implants a cervical 
disc implant between two vertebrae is illustrated. During this 
procedure, various instruments 52, as well as the implant 52 
are tracked and aligned using the six degree of freedom dis 
play 10. Also, the bony structures during the procedure are 
also tracked. 

Referring specifically to FIG. 8a, a first vertebra or verte 
bral body 200 is shown positioned adjacent to a second ver 
tebra or vertebral body 202 in the cervical area of the spine. 
Assuming that the medical procedure is being performed in 
an image based system, this area of interest would be imaged 
by the imaging device 16. Again, a dynamic reference frame 
54 may be attached to the first vertebra 200 and a second 
dynamic reference frame 54 may be attached to the second 
vertebra 202. These dynamic reference frames 54 may also be 
combined with tracking sensors 58, which are shown attached 
to the vertebral bodies 200 and 202. A center of articulation of 
the vertebra 200 and a center of articulation of a vertebra 202 
may be identified as the targets 168 on the dual display illus 
trated on FIG.9. In this way, by utilizing the center of articu 
lation of each vertebral body with respect to each other as the 
targets 168, tracking of the instruments 52 used during the 
procedure, as well as the implant 52 with respect to these 
articulation centers may be achieved. 

Referring to FIG. 8b, a cam distracter instrument 204 is 
shown distracting the vertebra 200 relative to the vertebra 
202. The cam distracter 204 may be tracked, via another 
tracking sensor 58 affixed to the cam distracter 204. In this 
way, the six degree of freedom display 10 illustrated in FIG. 
9 can illustrate a location of the cam distracter 204 relative to 
the center of each vertebra 200 and 202 independently on the 
display. Since the instrument 204 is rigid, by locating the 
tracking sensor 58 on the instrument 204, the distal end of the 
instrument 204 is known and may be illustrated on the display 
10 using crosshairs 104 and circle 106 to represent the tip and 
hind, respectively. 
Once each vertebrae 200 and 202 have been distracted by 

the cam distracter 204, a Sagittal wedge 206 also having a 
tracking sensor 58 is utilized and shown in FIG. 8c. The 
sagittal wedge 206 is used to center each vertebrae 200 and 
202, along the Sagittal plane and again may be tracked and 
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displayed with six degree of freedom on the display 10, as 
illustrated in FIG. 9. In this regard, the surgeon can confirm 
both visually and via the display 10 that the sagittal wedge 
206 is centered on the sagittal plane between the vertebrae 
200 and 202, as well as obtain the proper depth, via the Z axis 
display 86 on the display 10, illustrated in FIG. 9. 
Once the sagittal centering has been achieved with the 

sagittal wedge 206, the medical procedure proceeds to burr 
ing as shown in FIG. 8d. In this regard, a burr 208 attached to 
a burring hand piece 210, also having a tracking sensor 58, is 
used to burr an area between the first vertebra 200 and the 
second vertebra 202. Here again, the orientation of the burr 
208 relative to each vertebrae 200 and 202 may be displayed 
on the display 10 with six degree of freedom information. 
Therefore, burring along the proper X and Y plane, as well as 
the proper depth may be visually displayed with the appro 
priate indicia, as illustrated in FIG. 9. Rotational information 
about the corresponding X,Y and Z axes is also displayed. By 
burring within the safe Zones 112 using the information 
regarding the Surgical implant 52 as the safe Zones 112, the 
Surgeon can be assured to perform the properburring between 
the vertebrae 200 and 202 to insure a proper oriented fit for the 
surgical implant 52. By tracking the burr 208 with six degrees 
of freedom information, the mounting anchors 212 for the 
hand piece 210 are optional and may not be required. Addi 
tionally, each single display in the dual display 10, as shown 
in FIG.9, may also Superimpose an image of each vertebrae 
200 and 202 relative to one another on the display with each 
display having its coordinate system referenced to one of the 
vertebrae. The resulting milled vertebrae 200 and 202 are 
shown in FIG. 8e with a ring portion 214 milled to receive the 
spinal implant 52. 

Referring to FIGS. 8f and 8g, the spinal implant 52 is 
shown being implanted between the vertebrae 200 and 202 
using an implant inserter 216 that is also tracked by tracking 
sensor 58. By tracking the implant inserter 216 relative to the 
vertebrae 200 and 202, proper orientation of the spinal 
implant 52, as well as rotational orientation about the Z axis 
can be clearly displayed on the six degree of freedom display 
10, as shown in FIG. 9. Rotation about the Z axis is used to 
make sure that the flanges 218 of the implant 52 are properly 
oriented and centered along the Sagittal plane, as shown in 
FIG.8g. Again, by using the display 10, as illustrated in FIG. 
9, the anchors 220 are optional since orientation of the 
implant 52 can be tracked continuously as it is inserted 
between the vertebrae 200 and 202. Here again, this elimi 
nates the need for forming holes in the vertebrae 200 and 202. 
It should further be noted that the implant 52 illustrated in 
these figures is merely an exemplary type of spinal implant 
and any known spinal implants may also be similarly tracked. 
For example, another common type of spinal implant is 
formed from a two-piece unit that includes a ball and cup 
articulating structure that may likewise be independently 
tracked to assure proper fit and placement. 

Here again, the six degree of freedom display 10, which is 
illustrated as a split or dual display 10 in FIG. 9 assists a 
Surgeon in implanting a spinal implant 52 in order to achieve 
proper fixation and orientation of the implant 52, relative to 
two movable vertebrae 200 and 202. By tracking each verte 
bra 200 and 202 independently, and tracking its resection, 
should one vertebra be resected off-plane due to anatomical 
anomalies, adjustment of the plane at the adjacent vertebra 
may be achieved in order to still provide a proper fit for the 
spinal implant 52. In this way, each vertebrae 200 and 202 can 
be independently monitored, so that if one is off axis, the 
other can be manipulated accordingly to account for this 
adjustment. Additionally, by monitoring the entire process 
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having six degree of freedom information, via display 10, 
further accuracy was achieved, thereby providing increased 
range of motion for the patient after implantation of the 
implant 52. 
By use of the six degree of freedom display, for the various 

types of medical procedures, improved results can be 
achieved by providing the Surgeon with the necessary infor 
mation required. In regard to Surgical implants, the range of 
motion may be increased while reducing impingement of 
two-part articulating or fixed implants. This also enables 
maximum force transfer between the implant and the body. 
With therapy delivery procedures, by knowing the location of 
the catheter delivery tube and the specific port orientation, 
accurately aiming at the site is enabled to provide maximum 
delivery of the therapy at the correct site. This procedure also 
enhances and enables better results when using an ablation 
catheter by again knowing the rotational orientation of the 
ablation catheter and the ablation electrode relative to the area 
in the wall of the artery that requires ablation. Finally, by 
knowing the rotational orientation of a ablation or biopsy 
catheter, this type of catheter may be easily directed and 
aligned to tumors, stem cells, or other desired sites in an easy 
and efficient manner. 
The description of the invention is merely exemplary in 

nature and, thus, variations that do not depart from the gist of 
the invention are intended to be within the scope of the inven 
tion. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention. 
What is claimed is: 
1. A navigation system for guiding a medical device to a 

target in a patient during a medical procedure, said navigation 
system comprising: 

a display; and 
a workstation operably connected to the display and con 

figured to process information from: 
a tracking sensor associated with the medical device and 

operable to be used to track the medical device, and 
a tracking device operable to track the medical device with 

the tracking sensor to update a position of the medical 
device as the medical device is guided, 

the workstation, in response to the position of the medial 
device, configured to provide information for displaying 
on the display: 

a first indicia identifying a first degree of freedom infor 
mation; 

a second indicia identifying a second degree of freedom 
information; 

a third indicia identifying a third degree of freedom infor 
mation; 

a fourth indicia identifying a fourth degree of freedom 
information; and 

a fifth indicia identifying a fifth degree of freedom infor 
mation; 

a sixth indicia identifying a sixth degree of freedom infor 
mation; and 

wherein said first, second, third, fourth, fifth and sixth 
indicia are illustrated on said display to assist in guiding 
the medical device to the target, the first, second, and 
third indicia are X,Y, and Z axes, respectively, with said 
X axis represented by a horizontal bar, said Y axis rep 
resented by a vertical bar crossing said X axis, and said 
Z axis represented by a separate bar, with a position of 
the medical device as the medical device is guided rep 
resented by an arrow on each of the displayed X axis, Y 
axis, and Z axis, and the fourth, fifth, and sixth indicia 
are rotation about the X, Y, and Z axes, respectively. 
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2. The navigation system as defined in claim 1 wherein the 
indicia are illustrated in a coordinate system selected from a 
group comprising a Cartesian coordinate system, a spherical 
coordinate system, a polar coordinate system, and a combi 
nation thereof. 

3. The navigation system as defined in claim 1 wherein at 
least one of the indicia illustrates a safe Zone in relation to said 
corresponding degree of freedom information. 

4. The navigation system as defined in claim 3 wherein 
each indicia illustrates a safe Zone. 

5. The navigation system as defined in claim3 wherein said 
safe Zone is illustrated by way of color, audible tones, cross 
hatching and a combination thereof. 

6. The navigation system as defined in claim 1 wherein the 
workstation further displays on the display an indicia of a tip 
portion of the medical device and an indicia of a hind portion 
of the medical device depicting the relative position and ori 
entation of the medical device. 

7. The navigation system as defined in claim 1 wherein 
rotation about the X axis is illustrated by a straight bar graph 
having an arrow identifying the amount of rotation, wherein 
the rotation about the Y axis is illustrated by a straight bar 
graph having an arrow illustrating the amount of rotation 
about the Yaxis and the rotation about the Z axis is illustrated 
by an arcuate bar graph having an arrow illustrating the rota 
tion about the Z axis. 

8. The navigation system as defined in claim 1 wherein the 
workstation further displays on the display a target/trajectory 
indicia identifying the target/trajectory for the medical 
device. 

9. The navigation system as defined in claim 8 wherein the 
workstation further displays on the display indicia of a second 
target/trajectory identifying a second target/trajectory. 

10. The navigation system as defined in claim 8 wherein 
said target indicia is an origin. 

11. The navigation system as defined in claim 1 wherein the 
workstation further displays on the display at least one of an 
image of the patient Superimposed on said display and one of 
a model of the patient Superimposed on said display. 

12. The navigation system as defined in claim 1 wherein 
said display includes multiple displayS. 

13. The navigation system as defined in claim 1 wherein the 
workstation displays on the display said first, second, third, 
fourth and fifth indicia simultaneously. 

14. The navigation system as defined in claim 1 wherein 
said display assists in the control of a Surgical robot used 
during the medical procedure. 

15. The navigation system as defined in claim 1 wherein the 
workstation further displays on the display a safe Zone that is 
illustrated as a region of a first color on each of the bars 
different than a second color of the remaining portion of each 
bar. 

16. The navigation system of claim 1, wherein the work 
station further displays on the display a position of the instru 
ment that is illustrated as an icon on a single display with the 
each of the bars and operable to be displayed separate from 
each of the bars. 

17. The display navigation system of claim 1, wherein each 
of the degree of freedom information indicates a position of 
the instrument within a Cartesian coordinate system; 

wherein the first degree of freedom information is a X axis 
position of the instrument, the second degree of freedom 
information is a Y axis position of the instrument, the 
third degree of freedom information is a Z axis position 
of the instrument, the fourth degree of freedom informa 
tion is a rotation around the X axis of the instrument, the 
fifth degree of freedom information is a rotation around 
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the Y axis of the instrument, and the sixth degree of 
freedom information is a rotation around the Z axis of 
the instrument. 

18. The navigation system of claim 1, wherein the display 
includes a human viewable display having a width and a 
height; 

wherein the X axis bar and the Y axis bar are positioned 
near a center of the display, the Z axis bar extends out 
from the display and is shown in an upper left corner, 
rotation about the X axis is shown by bar graph on a right 
of the display, rotation about the Y axis is shown by bar 
graph positioned at the bottom of the display, rotation 
about the Z axis is shown with an arcuate bar graph 
oriented about the X and Y axes. 

19. A navigation system for use in guiding a medical device 
to a target in a patient during a medical procedure, said navi 
gation system comprising: 

a tracking sensor associated with the medical device and 
operable to be used to track the medical device; 

a tracking device operable to track the medical device with 
the tracking sensor to update a position of the medical 
device as the medical device is guided; and 

a workstation having a display, the workstation configured 
to provide information data for displaying on the display 
indicia illustrating at least five degrees of freedom infor 
mation and indicia of the position of the medical device 
in relation to said at least five degrees of freedom infor 
mation as the medical device is guided; 

wherein the first, second, and third indicia are X, Y, and Z 
axes, respectively, with the X axis represented by a hori 
Zontal bar, the Y axis represented by a vertical bar cross 
ing the X axis, and the Z axis represented by a separate 
bar, with the position of the medical device represented 
by an arrow on each of the displayed X axis, Y axis, and 
Z axis. 

20. The navigation system as defined in claim 19 wherein 
said tracking sensor is attached to the medical device. 

21. The navigation system as defined in claim 19 wherein 
said tracking sensor is selected from a group comprising an 
electromagnetic sensor, an optical sensor, an optical reflector, 
an electromagnetic transmitter, a conductive sensor, an 
acoustic sensor, or combinations thereof. 

22. The navigation system as defined in claim 19 wherein 
said tracking device is selected from a group comprising an 
electromagnetic tracking device, an optical tracking device, a 
conductive tracking device, an acoustic tracking device, or 
combinations thereof. 

23. The navigation system as defined in claim 19 further 
comprising an imaging device operable to generate image 
data of a region of the patient. 

24. The navigation system as defined in claim 19 wherein 
said navigation system has an image-less based navigation 
system wherein said image-less navigation system is oper 
able to generate a model representing a region of the patient. 

25. The navigation system as defined in claim 19 further 
comprising a dynamic reference frame attached to the patient 
and operable to be used to track movement of the patient 
relative to said tracking device. 

26. The navigation system as defined in claim 19 wherein 
the medical device is a medical instrument or implant. 

27. The navigation system as defined in claim 19 wherein 
said indicia of the medical device includes indicia identifying 
a tip portion and indicia identifying a hind portion of the 
medical device. 

28. The navigation system as defined in claim 27 wherein 
said tip includes indicia of crosshairs and said hind includes 
indicia of a circle. 
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29. The navigation system as defined in claim 19 wherein 
said medical device is a device having at least a first compo 
nent and a second component where placement of said first 
component is dependent upon placement of said second com 
ponent and wherein said display is operable to display proper 5 
position of said first component relative to said second com 
ponent. 

30. The navigation system as defined in claim 19, wherein 
at least three of the of the five degree of freedom information 
is illustrated on the display; and 10 

wherein a first degree of the five degree of freedom infor 
mation includes the X axis represented by the horizontal 
axis bar and a second degree of the five degree of free 
dom information includes the Y axis represented by the 
Vertical axis bar crossing the X axis bar, wherein a posi- 15 
tion of the medical device is illustrated by a cross-hair 
relative to the axis bars. 

31. The navigation system as defined in claim 30, wherein 
rotation of the medical device about the X axis is illustrated 
by a straight bar graph having an arrow identifying the 20 
amount of rotation, wherein the rotation about the Y axis is 
illustrated by a straight bar graph having an arrow illustrating 
the amount of rotation about the Yaxis, and the rotation about 
the Z axis is illustrated by an arcuate bar graph having an 
arrow illustrating the rotation about the Z axis. 25 

32. The navigation system of claim 31, wherein the display 
includes a human viewable display having a width and a 
height; 

wherein the X axis bar and the Y axis bar are positioned 
near a center of the display, the Z axis bar extends out 
from the display and is shown in an upper left corner, 
rotation about the X axis is shown by bar graph on a right 
of the display, rotation about the Y axis is shown by bar 
graph positioned at the bottom of the display, rotation 
about the Z axis is shown with an arcuate bar graph 
oriented about the X and Y axes. 

33. The navigation system of claim 19, wherein a position 
of the medical device is illustrated as an icon on a single 
display with the each of the bars and operable to be displayed 
separate from each of the bars. 

34. The navigation system of claim 19, wherein each of the 
five degrees of freedom information indicates a position of 
the medical device within a Cartesian coordinate system; 

wherein three of the degrees of freedom include the first 
degree of freedom information is a X axis position of the 
medical device, the second degree of freedom informa 
tion is a Y axis position of the medical device, the third 
degree of freedom information is a Z axis position of the 
medical device; 

wherein two of the degrees of freedom include at least two 
of the fourth degree of freedom information is a rotation 
around the X axis of the medical device, the fifth degree 
of freedom information is a rotationaround the Yaxis of 
the medical device, the sixth degree of freedom infor 
mation is a rotation around the Z axis of the medical 
device, and combinations thereof. 

35. A method for navigating and displaying a medical 
device during a medical procedure, said method comprising: 

Selecting a target for navigating the medical device to: 60 
displaying the targetina coordinate system that includes an 
X axis represented by a horizontal bar, a Y axis repre 
sented by a vertical bar crossing the X axis, and a Z axis 
represented by a separate bar, 

tracking the medical device with a navigation system to 65 
determine a position of the medical device in the coor 
dinate system; and 
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24 
displaying the medical device in relation to the target with 

at least five degrees of freedom information by display 
ing an indicia that indicates the position of the medical 
device on each of the X axis, Y axis and Z axis as the 
medical device is navigated. 

36. The method as defined in claim 35 further comprising 
selecting a safe Zone for at least one of the degrees of freedom 
information. 

37. The method as defined in claim 36 further comprising 
selecting a safe Zone for each degree of freedom information. 

38. The method as defined in claim 35 further comprising 
aligning the medical device with the target using the five 
degree of freedom information. 

39. The method as defined in claim 35 further comprising 
selecting a second target that is positioned in relation to the 

first target for a second medical device; and 
displaying the second target in the coordinate system. 
40. The method as defined in claim 39 further comprising: 
tracking the second medical device; and 
displaying the second medical device in relation to the 

second target with the at least five degree of freedom 
information. 

41. The method as defined in claim 40 further comprising 
aligning the second medical instrument with the second tar 
get. 

42. The method as defined in claim 41 further comprising: 
determining whether the alignment of the first medical 

device and the second medical device are correct; and 
realigning the first medical device, the second medical 

device, or combinations thereof when the alignment is 
determined to be incorrect. 

43. The method as defined in claim 35 wherein selecting 
the target further includes selecting a center of a joint. 

44. The method as defined in claim 35 wherein selecting 
the target further includes selecting a target based upon an 
articulating plane of a joint. 

45. The method as defined in claim 35 wherein selecting 
the target further includes selecting an area between a first 
Vertebra and a second vertebra for placement of an implant. 

46. The method as defined in claim 35 wherein selecting 
the target further includes selecting a site within an artery. 

47. The method of claim 35, wherein displaying indicia 
includes: 

displaying the X axis as a first degree of the five degree of 
freedom information represented by the horizontal axis 
bar and a displaying the Y axis as a second degree of the 
five degree of freedom information represented by the 
Vertical axis bar crossing the X axis bar, wherein a posi 
tion of the medical device is illustrated by a cross-hair 
relative to the axis bars; 

displaying the Z axis as a third degree of the five degree of 
freedom information represented by the separate axis 
bar having an arrow identifying the position along the Z 
aX1S. 

48. The method of claim 47, further comprising at least one 
of: 

displaying rotation of the medical device about the X axis 
by a straight bar graph having an arrow identifying the 
amount of rotation; 

displaying rotation of the medical device about the Y axis 
by a straight bar graph having an arrow illustrating the 
amount of rotation about the Y axis; 

displaying rotation of the medical device about the Z axis 
by an arcuate bar graph having an arrow illustrating the 
rotation about the Z axis; 

or combinations thereof. 
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49. The method of claim 47, wherein a position of the positioning an arcuate bar graph illustrating rotation about 
medical device is represented by an arrow relative to each of the Z axis oriented about the X axis and Y axis bars. 
the displayed X axis bar, Y axis bar, and Z axis bar. 52. The display of claim 35, wherein each of the five 

degrees of freedom information indicates a position of the 
5 medical device within a Cartesian coordinate system; 

wherein three of the degrees of freedom include the first 
degree of freedom information is a X axis position of the 
medical device, the second degree of freedom informa 
tion is a Y axis position of the medical device, and the 

50. The method of claim 47, wherein a position of the 
medial device is illustrated as an icon on a single display with 
the each of the bars and operable to be displayed separate 
from each of the bars. 

51. The display of claim 47, further comprising: 
providing a human viewable display having a width and a to third degree of freedom information is a Z axis position 

height; of the medical device; 
positioning the X axis bar and the Y axis bar near a center wherein two of the degrees of freedom include at least two 

of the display of the fourth degree of freedom information is a rotation 
positioning the Z axis bar as extending out from the display around the X axis of the medical device, the fifth degree 

and in an upper left corner of the display; 15 of freedom information is a rotationaround the Yaxis of 
the medical device, the sixth degree of freedom infor 
mation is a rotation around the Z axis of the medical 
device, or combinations thereof. 

positioning a bar graph illustrating rotation about the X 
axis on a right of the display; 

positioning a bargraph illustrating rotation about the Y axis 
at the bottom of the display; and k . . . . 
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